a b s t r a c t
Caffeine robustly enhances transmitter release from the hippocampal mossy fiber terminals, although it remains uncertain whether calcium mobilization through presynaptic ryanodine receptors mediates this enhancement. In this study, we adopted a selective adenosine A1 blocker to assess relative contribution of A1 receptors and ryanodine receptors in caffeine-induced synaptic enhancement. Application of caffeine further enhanced transmission at the hippocampal mossy fiber synapse even after full blockade of adenosine A1 receptors. This result suggests that caffeine enhances mossy fiber synaptic transmission by two distinct presynaptic mechanisms, i.e., removal of A1 receptor-mediated tonic inhibition and ryanodine receptor-mediated calcium release from intracellular stores. © 2011 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.
Calcium ions (Ca 2+ ) play important roles in neurotransmitter release from presynaptic terminals and its modulation by neuronal activity. In addition to Ca 2+ influx from extracellular fluid, Ca 2+ -induced Ca 2+ release (CICR) from intracellular stores regulate presynaptic intracellular Ca 2+ concentration in some types of synapses. The roles of presynaptic Ca 2+ store in regulating transmitter release have been suggested for a long time (Onodera, 1973; Erulkar and Rahamimoff, 1978) . Recently, much evidence has been accumulated for the presence of ryanodine-sensitive store in presynaptic terminals and/or axons at the hippocampal mossy fiber synapse onto CA3 pyramidal cell (Liang et al., 2002; Lauri et al., 2003; Sharma and Vijayaraghavan, 2003) . This notion was also supported by the finding that application of caffeine, drug acting on ryanodine receptor channels to release Ca 2+ from intracellular stores, strongly enhanced synaptic transmission at the hippocampal mossy fiber synapse (Shimizu et al., 2008) . This result also suggests the presence of functional ryanodine receptors and possible CICR mechanisms may be involved in robust activity-dependent presynaptic plasticity characteristic for this synapse.
However, caffeine is also known to block adenosine A1 receptors potently (Fredholm et al., 1999) . It was found that extracellular adenosine acts on presynaptic A1 receptors and suppresses trans- * Corresponding author. Tel.: +81 11 706 5028; fax: +81 11 706 7863. E-mail address: ikuma sato@ec.hokudai.ac.jp (I. Sato).
mitter release via activation of G i/o (Dunwiddie and Hoffer, 1980) . Previous studies demonstrated that application of the selective A1 receptor antagonist induced potent enhancement of mossy fiber response in vitro (Moore et al., 2003) and also in vivo (Klausnitzer and Manahan Vaughan, 2008; Hagena and Manahan Vaughan, 2010) by reducing tonic inhibitory effects of ambient adenosine. This effect is prominent at the mossy fiber synapse in comparison with adjacent associational-commissural synapse, and contributes, at least partly, to its characteristics such as low-release probability, large frequency facilitation and paired-pulse facilitation (Nicoll and Schmitz, 2005) .
Therefore, it remains to be determined whether activation of ryanodine receptors, in addition to blocking A1 receptors, mediates the caffeine-induced enhancement at this synapse. In this study, we addressed this issue using a selective blocker of A1 receptor (8-cyclopentyl-1,3-dipropylxanthine; DPCPX) and an inhibitor of ryanodine receptor channels (ryanodine). We found that caffeine enhanced the hippocampal mossy fiber response even under full blockade of A1 receptors, and that the magnitude of enhancement was decreased in the presence of ryanodine. We also measured presynaptic Ca 2+ levels within mossy fiber terminals by fluorescence recording during application of DPCPX and caffeine. A part of this work was presented elsewhere in an abstract form (Sato and Kamiya, 2009 
